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- Winds play an important part in our l ives .  This paper presents a  few 

of the problems in wind measurement and discusses the problem of stand- 

ardi zation in general . Specifically,  the standardization to a  common 

pre-selected level i s  discussed so that  applications to extreme wind 
'4.. 

conditions can be examined. The consensus i s  that  until more i s  known 

about the wind s t ructure for  the extreme conditions of the hurricane, 

tornado, squall l ine ,  chinook, the observed, recorded and edited wind 

data need not be modified to  a standard height level.  The extreme winds 

'observed should be used direct ly  without change for  any heights within 

the layer. 



Winds always have and always w i l l  p l a y  an impo r tan t  p a r t  i n  l i f e  on 

' e a r t h .  Book a f t e r  book, a r t i c l e  a f t e r  a r t i c l e ,  and theme a f t e r  theme 

p resen t  f a c e t s  o f  t h i s  phenomenon. Yet  t h e r e  s t i l l  remains much t o  be 

learned .  There i s  a  need t o  know more f rom an energy v iewpo in t ,  i .e . ,  

energy t h a t  can s a f e l y  be used t o  advantage and energy i n  forms t h a t  

a r e  dangerous. 

MEASUREMENT OF WIND 

1. I ns t rumen ta t i on  

Q u a l i t a t i v e l y ,  f o r  a  l o n g  t ime  much has been known about  wind f rom t h e  

b a r e s t  mot ion  above mo lecu la r  o r  d i f f u s i o n  s tages t o  t he  c a t a s t r o p h i c  

winds o f  t h e  g r e a t  storms. Q u a n t i t a t i v e l y ,  t h e  wind, among o t h e r  uses, 

was used i n  wind powered m i l l s ,  i n  v e n t i l a t i o n ,  and i n  wind powered sh ips .  

The Beaufor t  wind s c a l e  was designed t o  p u t  som; q u a n t i t a t i v e  measure t o  

t h e  wind. Ships b u i l t  and c a l i b r a t e d  t o  t h e  Beau fo r t  s c a l e  i l l u s t r a t e  

t h e  use o f  e s s e n t i a l l y  probes o r  ins t ruments  u t i l i z i n g  s a i l s  and a i r f o i l s  

o f  g r e a t  s i ze .  

I n  ano ther  aspec t  o f  t h e  problem, probes a r e  now more o f t e n  designed 

as p o i n t  probes i n  an e f f o r t  t o  s tudy  t h e  s t r u c t u r e  of t h e  wind i n  sca les  

downward t o  t h c  ~ ~ ~ i c r o s c a l e .  Wind Lunr~els  hnvc bccn bu.i l  l; .to sl;udy a i r  f l o w  

from low speeds through t h e  hypersonic  reg ions .  

Bu t  s t i l l  w i t h  a l l  t h i s ,  t h e r e  i s  no i n t e r n a t i o n a l  consensus on standards 

o f  wind measurement, i .e . ,  anemometry. There i s  no n a t i o n a l  s tandard w i t h i n  



the U t l i  l c d  S ta k s  o f  Auwrica. TJIUS, t h e  accuracy a rd  p r c c i s  ion of l hc  

i rs  ~ I I C  t s  r n  a 1  I 1 I1c AIIIC~~CBII S o c i ~ l y  fur' TC'S l; i II(J cllr~d 

Ma te r i a l s ,  i n  i t s  Com~~li t t e e  on Sampling o f  t he  Atmosphere, i s  a t t a c k i n g  

the  problem o f  meteoro log ica l  i ns t rumen ta t i on  standards. Anemometry i s  

o n l y  one p a r t .  

Therefore, u n t i  1  p e r t i n e n t  standards a re  a v a i l a b l e  and a1 1  manufacturers 
'd . 

adhere t o  those standards, t h e  necessary c a l  i b r a t i o n s  are  a v a i l a b l e  and 

fundamenta l ly  good maintenance and c a l  i b r a t i o n  programs are  e x i s t e n t ,  t h e  

accuracy and p r e c i s i o n  o f  the  recorded winds remain a  problem. Only t h e  

manufacturers s p e c i f i c a t i o n s  and/or t he  s p e c i f i c a t i o n s  prov ided t o  t he  

manufacturer by t h e  purchaser pe rm i t  some approach t o  good records.  Even 

w i t h  the  bes t  o f  maintenance programs, problems remain. 

2. Exposure 

Here, t he  d iscuss ion  i s  genera l .  There a re  i n s t r u c t i o n s  i n  manuals f o r  
1 

t he  exposure o f  wind inst ruments so t h a t  measurements o f  t he  t r u e  wind 

compat ib le  w i t h  t he  i ns t rumen ta t i on  accuracy and p r e c i s i o n  ( i f  known) may 

be obta ined.  Topography, obs t ruc t ions ,  weather systems, and o t h e r  fea tures  

i n f l uence  the  response o f  t h e  inst ruments.  Under some cond i t ions ,  f l o w  a t  

low wind speeds i s  q u i t e  d i f f e r e n t  f rom f l o w  a t  h igh  wind speeds f o r  t he re  

may be l a y e r s  e x h i b i t i n g  winds o f  d i f f e r i n g  d i r e c t i o n s  and speeds. Under 

such cond i t ions ,  t he  wind can o n l y  be c a l l e d  a p o i n t  wind and no t  repre-  

s e n t a t i v e  o f  any l a r g e r  reg ion .  

I n  an i n s t a l l a t i o n  w i t h  a  s i n g l e  ins t rument  o r  w i t h  a  b a t t e r y  o f  wind 

inst ruments on a  tower, t he  probe(s)  i s ( a r e )  i n f l uenced  by the  windward 



obstruc t i o n .  Thc recovery o f  thc w.i nds around and over thc tower resul t s  

in winds stronger than the mean a i r  flow. In the lee  of the tower, wake 

turbulence from vortex shedding and the existence of stagnation points 

both fore and a f t  of the tower create problems. The instrumentation 

generally remains fixed, while the troublesome singulari t i e s  in the wind 

flow depend on the flow and move about with any change of flow. 

3 .  Change of Wind with Height 

In general, within the boundary layer, due to  the f r ic t ion  with the 

ea r th ' s  surface, the wind i s  generally considered to  increase with increasing 

height. Some general rules for  th is  variation of the wind with height have 

been formulated. He1 lman (191 6 )  in measurements with tower instrumentation 

provided some such rules.  In such an argument 

where vo and zo are  the wind speed and height of the lower level and v and z 

are wind speed and height a t  some upper level.  The exponent ( l / n )  or p 

completes the model for  the relationship. The exponent ( l / n )  i s  often used 

as ( 1 / 7 )  and equation la i s  often referred to as ttic onc-sevcnlh power law. 

Now, th is  one-seventh siniply represents the highest frequency of various 

powers in He1 1 man ' s experiments. Othcr powers existed and represented 

differing conditions. In other words, with no further information available,  

one-seventh i s  a best guess solution t o  any particular case. 



Davcnpor t (1  9 6 0 )  r e f  i ned t h i s  I;cchnique t o  i n c l u d e  var ious  va l  ucs 

depending on t he  c h a r a c t e r i s t i c s  o f  t h e  upwind f e t c h .  H i s  s tud ies  

i n d i c a t e d  t h a t  va lues as h i g h  as o n e - t h i r d  should be used i n  h i g h l y  

u rban ized  areas b u t  aga in  p r e f e r s  one-seventh f o r  f l a t ,  unobs t ruc ted  

areas regard less  o f  wind speed. 

Bu t  t h i s  represen ts ,  i n  genera l ,  a  r e l a t i v e l y  s t a b l e  c o n f i g u r a t i o n  o f  

cond i t i ons ,  obey ing t h e  premise t h a t  t h e  wind does i nc rease  upwards w i t h  

e l  eva t i on .  

Table 1  ( a )  taken f rom Table 99 o f  Moses and Bogner (1967) c l e a r l y  shows 

t h e  d i s t r i b u t i o n  o f  t h e  r a t i o  ( l / n )  o r  p  d e r i v e d  f rom da ta  measured on 

me teo ro log i ca l  towers a t  t h e  Argonne Na t i ona l  Laboratory ,  Argonne, I L .  

Table l ( a )  p rov ides  da ta  f o r  p  f o r  t h e  19- and 75 - foo t  l e v e l s  a r rayed  

a g a i n s t  t h e  19 - foo t  l e v e l  winds. The months o f  J u l y  and November a r e  

se lec ted  here. The p e r i o d  o f  r e c o r d  i s  1961-64. Table 1  ( b )  i s  a  s i m i l a r  
J 

p r e s e n t a t i o n  b u t  con ta ins  a l l  observa t ions  over  a l l  months o f  t h e  per iod ,  

January 1961 - December 1964. The two t a b l e s  show t h a t  a t  Argonne, though 

t h e  exponent (1 /7 )  o r  .14 i s  q u i t e  ev iden t ,  t h e  exponent .ll i s  e q u a l l y  as 

impo r tan t  and t h a t  some o f  t h e  o t h e r  exponents a r e  a lmost  e q u a l l y  impor tan t .  

Table 2, taken 

l o o k  a t  t he  prob 

'19- a t d  75-1'001 

f rom Tab le  100 o f  Moses and Bogner ( l 9 6 7 ) ,  presents  another  

lem. A comparison i s  made o f  t he  power exponents f o r  t h e  

Sotw c o r ~ s i  s Lcrlcy 

l a y e r  i n  t he  t o t a l  should be noted because o f  t h e  i n c l u s i o n  o f  t he  lower  

l a y e r .  The d i f f e rence  of  t h e  power exponents, i f  they  were t he  same i n  



Lhc Iwo layers , ~ I I O L ~  l d Ije zero. I '  i l Ly-s i x ~wrcc!r~L o f  l l ~ c  c,~!,c!s cxh i b i t a 

zero difference, while th i r ty-  lhrcc percent show a diffcrcnce of plus or 

minus . l .  This table indicates that  in forty-four percent of the cases 

t h e  power exponent changed .1 or more. 

A closer look a t  the November data and the annual data indicate tha t  

for wind speeds greater than 24 mph (11 mps) the power exponents are  

equally divided between - < . l l  and - > .14. This feature will be examined 

in other data presentations. 

Singer and Nagle (1962) investigated the variation of p with wind 

speed a t  the Brookhaven National Laboratory and concluded tha t  for  speeds 

greater that  14 knots and less  than 22 knots, p remained between .20 and 

.25 for a l l  levels on the tower. 

4. Extreme Winds 

Extreme wind dis t r ibut ion functions have been used to  obtain some idea 
> 

as to the probabili t ies associated with specified wind speeds a t  various 

locations. Gumbel (1 958), Lieblein ( 1  954, 1974a, l974b), and Gumbel and 

Lieblein ( 1  954) have developed the usable and practical models. Work 

continues on the appl icabi l i ty  of these and other models (Simiu e t  a l . ,  1975). 

Thom (1954, 1960, 1968) has used these models to  produce isopleth charts 

of the United States for  the return periods associated with certain return 

pcriods. These were based on short pcriods. Work now undcrway a t  the 

National Climatic Center wi l l ,  in time, provide a more extensive data 

base in both space and time. The accuracy and precision of such charts 

are  highly dependent on the space and time coverage. 



I n  t he  procedure o u t l i n c d  by L i e b l c i n ,  n s e t  o f  c x t r c r ~ ~ e  data o f  sa~ r~p les  

s i z e  N w i l l  have a  c u ~ ~ r u l a t i v e  p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n  o f  t he  form 

where F ( x )  i s  t h e  p r o b a b i l i t y  t h a t  an obse rva t i on  w i l l  be l e s s  than  a  

s p e c i f i e d  va lue  x, p i s  t n e  mode o f  t h e  d i s t r i b u t i o n ,  and ~1 i s  t h e  s c a l e  

parameter. The reduced v a r i a t e  y (analogous t o  t h e  s tandard ized  v a r i a t e  "t" 
~ d .  

o f  t h e  Student  d i s t r i b u t i o n )  bears t h e  f o l l o w i n g  r e l a t i o n s h i p  t o  x, +I, and 8 :  

x-11 
Y = B  (3 )  

The convers ion  of  y t o  any d e s i r e d  p r o b a b i l i t y  l e v e l  ( P )  can be 

accomplished us ing  t h e  equa t i on  

p = - 109 ( -  109 (Y,)) 

E s t i m a t i o n  and p r e d i c t i o n  o f  extreme va lues f o r  g i ven  p r o b a b i l i t i e s  

can be ob ta i ned  f rom t h e  r e l a t i o n s h i p  

tp = p + Byp J 

where r; i s  t h e  es t imated  extreme va lue  a t  t h e  p r o b a b i l i t y  l e v e l  P and y 
P  P 

i s  t h e  corresponding reduced v a r i a t e .  Est imates o f  u and B can be ob ta ined  

us ing  numer ica l  methods descr ibed  by L i e b l e i n  ( 1  974b) and Thom (1960).  

5. Peak Wind D i s t r i b u t i o n  

F i c h t l  e t  a1 . (1970) s t u d i e d  t he  peak winds a t  Cape Kennedy, F l o r i d a ,  i n  

0c tobcr .  F i g u r e  1  , 1110d-i f i od f roll1 Lha t s ludy w i  Lh pcr111 i ss.ion, shows soll~c 

impo r tan t  r e l a t i o n s h i p s .  F i c h t l  e t  a l .  (1970) s t a t e s ,  "Thus, f o r  a  g i ven  

p e r c e n t i l e  l e v e l  o f  occurrence, i t  was found t h a t ,  f o r  peak wind speeds a t  

t he  18-meter l e v e l  l e s s  than approx imate ly  2 msec-l, K i s  equal t o  a cons tan t ,  



where b  i s  a  parameter t h a t  i s  d i s t r i b u t e d  no rma l l y  w i t h  mean va lue  K and 

va r i ance  equal t o  .52 and .36, and u18 i s  i n  meters per  second." Here, 

K = ( l / n )  = p. F i g u r e  2, m o d i f i e d  f rom F i c h t l  e t  a l .  (1970) w i t h  permiss ion 

shows t h e  s teady decrease o f  p  a t  2  msec-' ( 4  k t s )  f rom a lmost  . 3  t o  .03 
)&. 

a t  about  45 msec-' (87 k t s )  and t o  an e x t r a p o l a t e d  va lue  of  .O1 a t  about 

175 msec" (340 k t s ) .  Th i s  e x t r a p o l a t i o n  o f  t h e  model i n d i c a t e s  t h e  

tendency o f  t he  exponent t o  decrease w i t h  i n c r e a s i n g  speed so t h a t  i t  

i t s e l f  i s  n o t  cons tan t .  The e x t r a p o l a t i o n  i s  based on few da ta  a t  t h e  

' h i gh  wind speed so i t  i s  bese t  w i t h  some doubt. Never the less,  t h e  tendency 

i s  t h e r e  and t h e  ques t i on  i s  r e a l l y ,  how much i s  t h e  decrease? The l a s t  

two curves p resen t  t he  i n c l u s i o n  and exc lus ion  o f  h u r r i c a n e  winds. The 

values above 41 msec-' peak winds a r e  s imp le  e x t r a p o l a t i o n s  o f  t he  models. 

I 

Sissenwine e t  a1 . (1  973) a l s o  demonstrated t h e  decrease o f  p  w i t h  i n -  

c reas ing  speeds by u t i l i z i n g  a  smal l  s e t  o f  g u s t  measurements f rom the  

Argonne tower. They s t a t e  t h a t  " t h e  l i m i t i n g  p  va lue  approaches 0.077 as 

v,, (mph) becomes ve ry  l a rge . "  Th i s  s e t  was a l s o  hampered by a  l a c k  of  

da ta  a t  t h e  h i g h  (>50 kno t )  speeds. 

Tower data were ob ta i ned  f rom t h e  Na t i ona l  Scvere Storms Labo ra to r y ' s  

i r i s t r u ~ ~ ~ c n t e d  l 'aci 1 i ty near  O k l a l ~ o ~ ~ ~ d  C i  ty and a  Nor th  Dakota SLdtc U n i v c r s i  Ly 

f a c i l i t y  a t  Dunn Center,  ND. Uoth towers a r e  l o c a t e d  i n  r o l l i n g ,  open 

coun t r ys i de  w i t h  no s i g n i f i c a n t  o b s t r u c t i o n s  t o  t h e  f l o w  o f  t h e  wind. The 

Oklahoma da ta  cons i s ted  o f  read ings  a t  10-second i n t e r v a l s ,  w h i l e  t h e  



Nor t t ~  Uclkola da l a  wcrc 3 0 - I I I ~ ~ I U  tc  "oycba 11" dvcrnycs ob td' i  ned .frolll sub- 

graphic records. For both locatiorls the data were chosen from selected 

, high wind cases. The data from Oklahoma were processed in 3 s e t s  s ince  

the  report ing l eve l s  changed during the period requested. Set  1 ,  w i t h  

-3700 readings (from the 26 m and 45 m l e v e l s )  contains data f o r  10 

thunderstorm episodes during 1971 and 1972. Se t  2, with -5300 readings 

from the 89 m and 266 m l eve l s ,  contains data f o r  10 addit ional  thunder- 

storm episodes in 1973, 1974, and 1975. Se t  3, with -5100 readings from 

the  7 m and 26 m l eve l s ,  contains data f o r  2 severe ext ra t ropical  cyclone 

episodes in March 1977. The North Dakota data ,  Set  4 ,  consis ts  of 30-minute 

,averages f o r  32 high wind speed episodes i n  1975 and 1976 with -900 obser- 

vations a t  the  10 m and 50 rn 1 evels.  Calculated values of p f o r  zach case 

a r e  presented i n  Figures 3, 4, 5 ,  and 6 f o r  Sets  1 ,  2 ,  3,  and 4 ,  respect ively .  

These data a r e  re ta ined a t  the  NCC and a r e  not included here. In each 

f igure  the calcula ted p i s  plotted agains t  the yind speed a t  the lower of 

the  two leve l s .  

The somewhat d i f f e r e n t  pat tern  appearing in Figure 3 from t h a t  in Figures 

4 and 5 i s  the  r e s u l t  of a l a rge  number of low wind speeds not occurring 

in  the cases chosen f o r  depict ion in  Figures 4 and 5. Furthermore, the 

obvious s t r i a t i o n s  appearing in  Figure 3 a r e  the  r e s u l t  of the values t o  

which the observed speeds a r e  roundcd. This problem of prcfcrrcd spccds 

i s  a l so  apparent in Figure 6. 

These f igures  do corroborate the  f indings of o ther  invest igators  of the  

tendency f o r  observations t o  c en t r a l l y  c l u s t e r  around a p value of 0.1 t o  



0.2. llowcver, thcy also depict Lhc slcady dccrcssc of the Illcar, p and 

upper boundary of the range of p as wind speed increases. An  obvious 

conclusion one can draw from the figures i s  a lack of data supporting 

the use of  the p value of one-seventh a t  high wind speeds. The use of 

such a value in correcting severe winds to  a standard height lrlay lead 

to a serious underestimate of a t rue design value. 

For some of these s e t s ,  a t  the highest wind speed, the mean value of p 

appears t o  be negative, indicating a large number of occurrences of wind 

actually decreasing with height. This feature i s  clearly demonstrated by 

the many negative p values which are  plotted i n  the lower portion of the 

f i gures . 

The inference by the authors i s  that  with higher wind speeds than those 

shown here and by cther investigators,  p should be very close t o  zero. 

This implies that  for  extreme winds no c o r r e c t i ~ n  to a standard level 

should be made. 

6. Conclusion 

In previous studies,  p has been shown to decrease with increasing wind 

speed to a value as low as .07. This value resul ts  in s ignif icant ly less  

reduction in the wind, especially a t  high wind speeds, than the .14 ( 1 / 7 )  

currently used. Data obtained by the authors has dc~uonstratcd that p n t  

the hi yhes t w'i r ~ d  spccds observed approuchcs zcro and Lllus rlo coru'ccLion 

to observed values should be made in correcting observations to a standard 

level .  
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JULY 
NUMBER OF OBSERVATIONS 2976 

- - - --- - - - - - -.lg-FOOT SPEED (MPH)- - - - - - -- - - - 
P-VALUES 1 - 3 4 - 7 8 - 12 13 - 24 > 24 MISSING TO1-AL - - - - - -  - - - - - - - - - - - - - . - - - - - -  - - - -  -- 

0.035 1.48 0.48 0.07 0.03 0.00 0.24 2.65 
0.05 0.40 2.08 0.67 0.07 0.00 0.00 3.23 
0.08 0.64 4.03 2.45 0.44 0.00 0.00 ' 7 . 56  
0.11 0.77 5.61 5.71 0.64 0.00 0.00 12.74 

0.33 3.46 7.90 0.07 0.00 0.00 0.03 11.46 
0.45 8.10 4.30 0.00 0.00 0.00 0.33 12.53 
0.60 4.10 0.13 0.00 0.00 0.00 0.00 4.23 

0.676 2.55 0.00 0.00 0.00 0.00 1.G8 4.23 
MISSING 0.07 0.00 0.00 0.00 0.00 3.26 3.33 

P-VALUES - - - - - -  
0.035 

11.33 
0.4 5 
0.GO 

0.676 
MISSING 

TOTAL - - - - -  

NOVEMBER 
NUMBER OF OBSERVATIONS 2880 

- - ---- 19-FOOT SPEED (MPH) - - - - - -- - - - - - 
1 - 3 4 - 7 8 - 12 13 - 24 >24 MISSING TOTAL 



A L L  YEARS 
NUMBER OF OBSERVATIONS 35064 

P-VALUES 1 - 3 4 - 7 8 - 12 13 - 24 > 24 MISSING 1-OTAL - - - - - - - -  - --  -.--- --  --- - - - .- - -- -- -- 
0.035 0.81 0.81 0.24 0.06 0.00 0.12 2.04 

0.33 2.05 7.16 0.17 0.00 0.00 0.01 9.39 
0.45 4.68 3.97 0.00 0.00 0.00 0.04 8.69 
0.60 2.98 0.19 0.00 0.00 0.00 0.01 3.18 

0.676 1.97 0.00 0.00 0.00 0.U0 1.52 3.49 
MISSING 0.44 1.17 1.24 0.56 0.00 2.14 5.55 

TOTAL 16.34 37.81 28.70 13.06 0.22 3.87 100.00 



Table 2. Percentage Frequency Distribution of the difference between P-values based on 19- and 
75-foot wind speeds (mph) and P-values based on 19- and 150-foot wind speeds (mph) 
for each hour of the day. January 1961 - December 1964. Number of observations 
---35,064. (Taken from Moses and Bognar (1 967)). 

TOTAL 



Figure 1. Mean value of P (determined by least-squares analysis of each 
peak wind profile between 18- and 150- meters) as a function 
of the peak wind a t  the 18-meter level. Fichtl (1970) 

-- 



Y E A R L Y  PEAK - I N C L U D I N G  H U R R I C A N E S  

Y E A R L Y  PEAK - E X C L U D I N G  HURRICANES 
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PROBABIL ITY O F  T H E  OCCURRENCE O F  T H E  W I N D  SPEED. 

Figure 2. Fisher - Tippett distribution collated to peak wind speed sam- 
ples at  Cape I<cnnccly, Florida in Octobcr. Ficlitl (1970) cx- 
tcli(locl I)y Crutclicr ( 1  075)  



* 26 METER WlND SPEED (KNOTS) 

FIGURE 3. VARIATION OF P (26M AND 45M LEVELS) WITH WlND SPEED (KNOTS) AT THE 26M LEVEL FOR 10 THUNDERSTORM RELATED 
EPiSODES IN 1971 AND 1972 AT OKLAHOMA CITY, OK. SET CONTAINS -3700 OBSERVATIONS MADE AT 10-SECOND INTE3VALS. 
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266 METER WlND SPEED (KNOTS) 

FIGURE 4. VAXlATION OF P (89M AND 266M LEVELS) WITH WlND SPEED (KNOTS) AT THE 89M LEVEL FOR 10 THUNDERSTOEM REFATED 
EPISODES IN 1973, 1974 AND 1975 AT OKLAHOMA CITY, OK. SET CONTAINS -5300 OBSERVATIONS MADE AT 10-SECOXD IN- 
TERVALS. i 



7 METER WlND SPEED (KNOTS) 

FIGURE 5. VA9IATION OF P (7M AND 26M LEVELS) WITH WlND SPEED (KNOTS) AT THE 7M LEVEL FOR TWO SEVERE EXTRA-TRORCAL 
CYCLONE EPISODES IN MARCH 1977 AT GKLAHOMA CITY, OK. SET CONTAINS -5100 OBSERVATIONS MADE AT 10-SECCND 
INTERVALS. 



10 METER WIND SPEED (KNOTS) 

FIGURE 6. VARIATION OF P (1OM and 50M LEVELS) WITH WIND SPEED (KNOTS) AT THE 10M LEVEL FOR 32 HIGH WIND SPEED 
EPISODES IN 1975 AND 1976 AT DUNN CENTER, ND. SET CONTAINS -900 OBSERVATiONS OF 30 MINUTE fdEAN WINDS. 


